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PREFACE 

The work r e p o r t e d  he r e in  was conducted by the Arnold  E n g i n e e r -  
ing Development  Center  (AEDC), Air  Fo rce  Sys tems Command (AFSC), 
at the r eques t  of the National  Aeronau t i c s  and Space A d m i n i s t r a t i o n  
(NASA/GSFC), for  the Thiokol  Chemica l  Corpora t ion  under  P r o g r a m  
E lemen t  921E. The r e s u l t s  of the t es t  were  obtained by ARO, Inc. 
(a subs id i a ry  of Sverdrup  Corpora t ion) ,  con t rac t  ope ra to r  of :AEDC, 
AFSC, Arnold Air Force Station, Tennessee, under ARO Project 
Number V41T-21A. The authors of this report were R. E. Alt and 
J. T. Tosh, ARO, Inc. The data analysis was completed on June 16, 
1976, and the manuscript (ARO Control No. ARO-VKF-TR-'76-65) 
was submitted for publication on June 25, 1976. 
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1.0 INTRODUCTION 

The  I n t e r n a t i o n a l  U l t r a v i o l e t  E x p l o r e r  (IUE) r o c k e t  m o t o r  
( T E - M - 6 0 4 - 4 )  is a so l id  fuel ,  s p h e r i c a l  r o c k e t  m o t o r  d e s i g n e d  and  
m a n u f a c t u r e d  by the  Th ioko l  C h e m i c a l  C o r p o r a t i o n ,  E lk ton  Div i s ion .  
D y n a m i c s  t e s t i n g  of the  o r b i t  i n s e r t i o n  m o t o r  (OIM) was  c o n d u c t e d  
as  p a r t  of the  q u a l i f i c a t i o n  t e s t  p r o g r a m  f o r  the  m o t o r .  T h e  q u a l i f i c a -  
t ion t e s t  p r o g r a m  r e q u i r e d  that  the m o t o r  be  s u b j e c t e d  to s i n u s o i d a l  
and  r a n d o m  v i b r a t i o n  t e s t i n g  p r i o r  to t e s t  f i r i n g  at  s i m u l a t e d  a l t i t ude .  

T h e  v i b r a t i o n  t e s t i n g  of the  T E - M - 6 0 4 - 4  m o t o r  c o n s i s t e d  of the  
fo l lowing  t e s t s  in e a c h  of t h r e e  o r t h o g o n a l  axes .  

1. A 5- to 2, 000-Hz  s ine  s w e e p  at f o u r  o c t a v e s  p e r  m i n u t e  
at  an input l e v e l  of 0 .5  g. 

2. A 5- to 2, 000-Hz s ine  s w e e p  at s p e c i f i e d  g l e v e l s  at a 
r a t e  of f o u r  o c t a v e s  p e r  m i n u t e .  

3. R a n d o m  v i b r a t i o n  f o r  a d u r a t i o n  of one  m i n u t e  p e r  a 
s p e c i f i e d  input s p e c t r u m .  

4. A 5- to 2 , 0 0 0 - H z  s ine  s w e e p  at  f o u r  o c t a v e s  p e r  m i n u t e  at  
an  input l e v e l  of 0 .5  g. 

In add i t ion  to the  t e s t i n g  of the  IUE m o t o r ,  a m a s s  s i m u l a t o r  
was  s u b j e c t e d  to s i m i l a r  t e s t s  in two a x e s  f o r  the  p u r p o s e s  of eva lu -  
a t ing  the  p e r f o r m a n c e  of the  A E D C - d e s i g n e d  v i b r a t i o n  f i x t u r e s  and  
f o r  v e r i f y i n g  the  t e s t  p r o c e d u r e s  and  e q u i p m e n t .  The  d y n a m i c s  t e s t -  
ing was  c o n d u c t e d  in the  Impac t ,  V i b r a t i o n ,  and A c c e l e r a t i o n  (IVA) 
T e s t  Uni t  of the yon  K~rm;~n Gas  D y n a m i c s  F a c i l i t y  (VKF) at  AEDC.  

2.0 APPARATUS 

2,1 TEST UNIT 

T h e  I m p a c t ,  V i b r a t i o n ,  and A c c e l e r a t i o n  T e s t  Uni t  c o n s i s t s  of 
the  v i b r a t i o n  s y s t e m ,  a s h o c k  m a c h i n e ,  and  a c e n t r i f u g e .  The  equip-  
m e n t  (F ig .  1) is h o u s e d  in the  "S" Bu i ld ing  of the  VKF.  T h e  t e s t  
c o n t r o l  r o o m  is s e p a r a t e d  f r o m  the  t e s t  a r e a  by  a r e i n f o r c e d  con-  
c r e t e  wal l .  

7 
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The  v i b r a t i o n  s y s t e m  c o n s i s t s  of a L i n g  e l e c t r o d y n a m i c  s h a k e r ,  
p o w e r  a m p l i f i e r ,  and s ine  and r a n d o m  v i b r a t i o n  c o n t r o l  equ ipment .  
The  s h a k e r  (L ing  Model  249A) is  a w i d e - f r e q u e n c y - b a n d  e l e c t r o -  
d y n a m i c  f o r c e  s h a k e r  c a p a b l e  of o p e r a t i n g  at a f o r c e  r a t i n g  of 
30 ,000  lbf  in the s ine  mode  and 32 ,000  lbf  in the  r a n d o m  mode.  The  
s h a k e r  o p e r a t e s  in the  5- to 2 , 0 0 0 - H z  f r e q u e n c y  r ange .  

The  v i b r a t i o n  con t r o l  and m o n i t o r i n g  e q u i p m e n t  is l oca t ed  in the  
c o n t r o l  r o o m  and is  shown s c h e m a t i c a l l y  in F i g s .  2a and b. The  
s ine  v i b r a t i o n  s i gna l  and r a t e  of sweep  a r e  supp l i ed  by a sweep  o s c i l -  
l a t o r  (Spec t r a l  D y n a m i c s  Corp .  Model  SD104) t h rough  an a m p l i f i e r  
s e r v o / m o n i t o r  (SD1056). The  s e r v o / m o n i t o r  output  s igna l  is fed to 
the p o w e r  a m p l i f i e r  (L ing  Model  P P 1 7 5 / 2 4 0 )  and then to the  L i n g  
249A s h a k e r .  F o u r  c o n t r o l  a c c e l e r o m e t e r s ,  moun ted  on the f i x t u r e  
to m o t o r  moun t ing  r ing ,  s e n s e  the v i b r a t i o n  and send  s i g n a l s  t h rough  
c h a r g e  a m p l i f i e r s  ( U n h o l t z - D i c k i e  Model  D-11)  to ind iv idua l  t r a c k i n g  
f i l t e r s  (SD1012B), w h e r e  the s i gna l  is  f i l t e r e d  by p r e s e l e c t e d  f i l t e r s  
of s p e c i f i e d  bandwid ths .  A l i n e a r  d - c  p r o p o r t i o n a l  output  s i gna l  f r o m  
each  t r a c k i n g  f i l t e r  is  fed to an a v e r a g i n g  c o n t r o l l e r  (SD22A), the 
output  s i gna l  of which is  fed d i r e c t l y  to the  s e r v o / m o n i t o r  or ,  fo r  
m u l t i l e v e l  t e s t i ng ,  t h r o u g h  the  a u t o m a t i c  l e v e l  p r o g r a m m e r  ( S D l l 5 )  
to the  s e r v o / m o n i t o r .  At the s e r v o / m o n i t o r  the  c o n t r o l  s i g n a l  is 
a u t o m a t i c a l l y  c o m p a r e d ,  fo r  c o n t r o l  p u r p o s e s ,  to the  p r e s e t  a c c e l -  
e r a t i o n  l eve l .  The  s e r v o / m o n i t o r  a u t o m a t i c a l l y  a d j u s t s  i t s  output  to 
p r o v i d e  an a c c e l e r a t i o n  l eve l  in a c c o r d a n c e  wi th  a p r e s e t  va lue .  

The  r a n d o m  v i b r a t i o n  input s i gna l  is supp l i ed  by the  r a n d o m  
v i b r a t i o n  i n a l y z e r / e q u a l i z e r  s y s t e m  (Ling  Model  ASDE-80)  l o c a t e d  
in the t e s t  c o n t r o l  r o o m .  T h i s  s y s t e m  a n a l y z e s  the s h a k e r  a c c e l e r a -  
t ion output,  the  s i g n a l  f r o m  the  U n h o l t z - D i c k i e  m u l t i f u n c t i o n  a v e r a g -  
ing c o n t r o l  (MAC-8) ,  f r o m  the a v e r a g e  of the  four  c o n t r o l  a c c e l e r o m -  
e t e r  s i g n a l s  and e q u a l i z e s  i n t e r n a l l y  g e n e r a t e d  r a n d o m  no i se  to the  
d e s i r e d  s p e c t r a l  dens i t y .  The  ASDE-80  c o n t r o l  s y s t e m  a l l ows  auto-  
m a t i c  c o n t r o l  of the a c c e l e r a t i o n  s p e c t r a l  d e n s i t y  in each  of 85 chan -  
n e l s  be tween  10 and 2 ,020  Hz by ind iv idua l  s e r v o a m p l i f i e r s  in each  
channe l .  The  output  of the  r a n d o m  n o i s e  g e n e r a t o r  is  shaped  to the 
d e s i r e d  s p e c t r a l  d e n s i t y  by  the  c o n t r o l  s y s t e m  and then  is  p a s s e d  
t h rough  p r e a m p l i f i e r s  to the p o w e r  a m p l i f i e r .  The  power  a m p l i f i e r  
i n c r e a s e s  the  s i gna l  p o w e r  l eve l  and f eeds  it to the  e l e c t r o d y n a m i c  
s h a k e r ,  wh ich  c o n v e r t s  it into m e c h a n i c a l  f o r c e  which  d r i v e s  the 
m o t o r .  The  p o w e r  s p e c t r a l  d 'ensi ty input to the  m o t o r  is c o n t i n u o u s l y  
m o n i t o r e d  d u r i n g  t e s t i n g  wi th  a S p e c t r a l  D y n a m i c s  Model 301A Rea l  
T i m e  S p e c t r u m  A n a l y z e r .  
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When t e s t i n g  in a l a t e r a l  axis ,  the  v i b r a t i o n  f i x tu r e  is m o u n t e d  on 
h y d r o s t a t i c  b e a r i n g s  ( T e a m  Corp.  Mode l s  1830 T-8  and 1830 V-8}. A 
s igna l  f r o m  a p r e s s u r e  swi tch  in the  h y d r a u l i c  supply l i ne  is c o n n e c t e d  
to a sa fe ty  c i r c u i t  of the  L ing  s h a k e r  to shut  down the p o w e r  a m p l i f i e r  
in c a s e  of l o s s  of h y d r a u l i c  p r e s s u r e .  

Two add i t iona l  sa fe ty  c i r c u i t s  w e r e  p r o v i d e d  to p r o t e c t  the  m o t o r  
a n d / o r  the  s h a k e r  s y s t e m  f r o m  p o s s i b l e  o v e r t e s t i n g .  A sa fe ty  a c c e l -  
e r o m e t e r ,  m o u n t e d  on the  t e s t  f ix tu re ,  was  c o n n e c t e d  e l e c t r i c a l l y  to 
a Ling  AAL-100  a r m a t u r e  a c c e l e r a t i o n  l i m i t e r .  Th i s  uni t  was se t  to 
shut  down the  p o w e r  a m p l i f i e r  when  the f o r c e  l e v e l  e x p e r i e n c e d  by the  
a r m a t u r e  r e a c h e d  a p p r o x i m a t e l y  the  m a x i m u m  f o r c e  r a t i n g  of the L ing  
s y s t e m  (that  is, when the  p roduc t  of the  a r m a t u r e  p lus  f i x tu r e  p lus  
m o t o r  weight  and the  input a c c e l e r a t i o n  l e v e l  at the  f i x t u r e - a r m a t u r e  
m o u n t i n g  l o c a t i o n  a p p r o a c h e d  30, 000 lbf). An a c c e l e r o m e t e r  m o u n t e d  
on the  m o t o r  n o z z l e  in the  t e s t  axis  was  c o n n e c t e d  e l e c t r i c a l l y  to an 
SD129A s i n e / r a n d o m  Signal  V i b r a t i o n  P r o t e c t o r ,  and th i s  unit  shut  
down the  p o w e r  a m p l i f i e r  when  a p r e s e t  a c c e l e r a t i o n  l e v e l  was  r e a c h e d .  

2.2 TEST MOTOR 

The Thiokol  T E - M - 6 0 4 - 4  m o t o r  is a 2 4 . 5 8 - i n .  - d i a m  so l id  fuel  
r o c k e t  m o t o r  wi th  a f ixed  nozz l e .  The  d e s i g n  i nc ludes  an i n t e g r a l  
a t t a c h m e n t  f lange .  'The  n o m i n a l  m o t o r  we igh t  is l e s s  than  500 lb,  and 
the  m o t o r  ca se  is c o m p o s e d  of two h e m i s p h e r e s  c o n n e c t e d  by a s h o r t ,  
s t r a igh t ,  c y l i n d r i c a l  s e c t i o n  {Fig. 3). It is m o u n t e d  by a r i n g  con-  
t a i n in g  24 h o l e s  on a 25. 075- in .  - d i a m  bol t  c i r c l e  a t t a c h e d  to the  aft 
h e m i s p h e r e .  The  in i t i a t ion  s y s t e m  was not s u b j e c t e d  to v ib r a t i on .  

2.3 INSTRUMENTATION 

The  t e s t  i n s t r u m e n t a t i o n  fo r  the  v i b r a t i o n  t e s t i n g  c o n s i s t e d  of 
a c c e l e r o m e t e r s  p l a c e d  at d e s i g n a t e d  l o c a t i o n s  on the m o t o r  and t e s t  
f i x tu r e  (Fig.  3). The  a c c e l e r o m e t e r s  w e r e  Endevco  Model  2228-C 
t r i - a x i s  o r  Endevco  2226-C s ing le  ax is  m o u n t e d  on pheno l i c  b locks .  
The  a c c e l e r o m e t e r  output  s i gna l s  w e r e  r o u t e d  to c h a r g e  a m p l i f i e r s  
fo r  cond i t i on ing  and then  w e r e  r e c o r d e d  on a Be l l  and Howel l  Model  
3700-B tape  r e c o r d i n g  s y s t e m  o p e r a t i n g  at 15 i n . / s e c  (F igs .  2a and 

b). 

Ind iv idua l  o r  a v e r a g e  input c o r t r o l  a c c e l e r o m e t e r s  a r e  m o n i t o r e d  
du r ing  t e s t i n g  on RMS v o l t m e t e r s  ( T h e r m o - S y s t e m s ,  Inc . ,  Model  
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1060) o r  a s p e c t r a l  d e n s i t y  v o l t m e t e r  (M. B. E l e c t r o n i c s  Mode l  N122) 
e i t h e r  d i r e c t l y  o r  t h r o u g h  a L i n g  Model  L P - 1 0  low p a s s  f i l t e r  in 
s e r i e s  wi th  the  v o l t m e t e r .  S e l e c t e d  a c c e l e r o m e t e r  s i g n a l s  a r e  a l so  
d i s p l a y e d  in r e a l  t i m e  on a H o n e y w e l l  Model  1858 CRT p h o t o g r a p h i c a l l y  
r e c o r d i n g  v i s i c o r d e r .  A c c e l e r o m e t e r  s i g n a l s  a r e  p lo t t ed  in r e a l - t i m e  
( input  c o n t r o l )  o r  fo l l owing  t e s t i n g  on x-:# p l o t t e r s .  

Al l  i n s t r u m e n t a t i o n  u s e d  d u r i n g  the  v i b r a t i o n  and a c c e l e r a t i o n  t e s t s  
was  c a l i b r a t e d  a c c o r d i n g  to AEDC s t a n d a r d  c a l i b r a t i o n  p r o c e d u r e s  
(Tab le  1}. 

3.0 PROCEDURE 

The  IUE r o c k e t  m o t o r  was  r e c e i v e d  at the  IV_& t e s t  uni t  on 
May 3, 1976, in p r e p a r a t i o n  f o r  v i b r a t i o n  t e s t i n g .  A b a r e  f i x t u r e  
e v a l u a t i o n  and m a s s  s i m u l a t o r / f i x t u r e  e v a l u a t i o n  f o r  both the l a t e r a l  
and  t h r u s t  axes  p r e c e d e d  m o t o r  t e s t i ng .  The  f i x t u r e  and f i x t u r e / m a s s  
s i m u l a t o r  e v a l u a t i o n s  w e r e  b a s e d  on 0 . 5 - g  s i ne  s u r v e y s  f r o m  5 to 
2 ,000  Hz at a s w e e p  r a t e  of f o u r  o c t a v e s  p e r  m i n u t e  (Fig .  4}. The  
m a s s  s i m u l a t o r  (F ig .  5) was  a l so  t e s t e d  in both  l a t e r a l  and t h r u s t  a x e s  
at  q u a l i f i c a t i o n  l e v e l s  of s i ne  and  r a n d o m  v i b r a t i o n  f o r  the p u r p o s e  of 
v e r i f y i n g  t e s t  p r o c e d u r e s ,  v i b r a t i o n  f i x t u r e s ,  and v i b r a t i o n  c o n t r o l  
e q u i p m e n t .  

A s u m m a r y  of s y s t e m  d y n a m i c  t e s t  a c t i v i t i e s  is c o n t a i n e d  in 
T a b l e  2. At the  c o n c l u s i o n  of v i b r a t i o n  t e s t i n g  the m a s s  s i m u l a t o r  
was  r e t u r n e d  to Th ioko l  C h e m i c a l  Corp .  and the  IUE m o t o r  was  
t r a n s f e r r e d  to the  AEDC R a d i o g r a p h i c  I n s p e c t i o n  L a b o r a t o r y  f o r  
X - r a y  i n s p e c t i o n  p r i o r  to the  t e s t  f i r i n g  in the  AEDC Engine  T e s t  
F a c i l i t y  ( E T F )  P r o p u l s i o n  D e v e ! o p m e n t  T e s t  Ce l l  (T-3) .  

4.0 RESULTS AND DISCUSSION 

4.1 LATERAL AXIS FIXTURE AND PROCEDURE EVALUATION 

The  l a t e r a l  ax is  v i b r a t i o n  f i x t u r e  was  e v a l u a t e d  by m e a n s  of a 
0 . 5 - g  s ine  s u r v e y  f o l l o w i n g  i t s  i n s t a l l a t i o n  on the  h y d r a u l i c  b e a r i n g s  
and a t t a c h m e n t  to the  s h a k e r  a r m a t u r e .  The  r e s u l t s  of the  s u r v e y  
a r e  shown in F ig .  6. T h e r e  w e r e  no s i g n i f i c a n t  f i x t u r e  r e s o n a n c e s  
b e l o w  a p p r o x i m a t e l y  200 Hz. Above  200 Hz, a l t hough  t h e r e  was  
c o n s i d e r a b l e  v a r i a t i o n  in the  v i b r a t o r y  input  b e t w e e n  the  m o t o r  

]0 
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a t t a c h m e n t  po in t s  as  i n d i c a t e d  by the  fou r  c o n t r o l  a c c e l e r o m e t e r s  in 
the  Y ax i s  ( a c c e l e r o m e t e r s  1 t h r o u g h  4Y), the a v e r a g i n g  c o n t r o l  uni t  
m a i n t a i n e d  the  0 . 5 - g  a v e r a g e  input o v e r  the e n t i r e  5- to 2 , 0 0 0  Hz 
f r e q u e n c y  r a n g e .  

The  m o t o r  m a s s  s i m u l a t o r  was  then i n s t a l l e d  on the  l a t e r a l  ax i s  
v i b r a t i o n  f i x t u r e  f o r  f u r t h e r  eva lua t i on  of the  f i x t u r e  at q u a l i f i c a t i o n  
t e s t  s t r e s s  l e v e l s  and a l so  f o r  v e r i f y i n g  the  t e s t  p r o c e d u r e s  p r i o r  to 
c o n d u c t i n g  the IUE m o t o r  q u a l i f i c a t i o n  t e s t  p r o g r a m .  The  m a s s  
s i m u l a t o r  (Fig .  4) was  c o m p o s e d  of a n u m b e r  of p l a t e s  and r o d s  and 
a c c u r a t e l y  s i m u l a t e d  the m a s s  and i n e r t i a  p r o p e r t i e s  of the m o t o r  
and undoub ted ly  l o a d e d  the v i b r a t i o n  f i x t u r e s  to h i g h e r  l e v e l s  than  
the IUE m o t o r .  H o w e v e r ,  due to i ts  c o n s t r u c t i o n ,  it c o n t a i n e d  a 
l a r g e  n u m b e r  of r e s o n a n t  f r e q u e n c i e s  and was  t h e r e f o r e  s o m e w h a t  
d i f f icu l t  to c o n t r o l .  The s i m u l a t o r  was  run  t h r o u g h  the  m o t o r  qua l i -  
f i ca t ion  t e s t  r e q u i r e m e n t s ,  and the  r e s u l t s  a r e  shown in F i g s .  7 
t h r o u g h  10. 

4.2 LATERAL AXIS TESTING: IUE MOTOR 

The IUE motor (S/N 0002) was installed in the lateral axis vibra- 
tion fixture in preparation for X-axis testing. Installation photographs, 
including accelerometers, are shown in Fig. 11. The X-axis 0.5-g 
sine survey was then conducted. The X-Y plots of all acceleration 
signals recorded during this survey are shown in Fig. 12. All X-Y 
plots were made from the magnetic tape recording following comple- 
tion of the entire test program, except for the closed loop control plot 
and the control average online plot. All data channels were displayed 
on the recording oscillograph following the individual vibration tests. 

The qualification level sine sweep and qualification level random 
vibration tests were then conducted with no problems. The results of 
these tests are shown in Figs. 13 and 14. The random vibration equal- 
ization was accomplished at -20 db with the shaker operating and also 
following several short bursts of -I0 db operati})n. The first attempt 
to run at full power input resulted in a shutdown by the nozzle peak 
limit accelerometer, 14X, which had been set to 40-g peak. The 
limiter was reset to 100-g peak and the one-minute full level run con- 
ducted. A final 0.5-g sine survey was then conducted, and the results 
are shown in Fig. 15. No significant differences were noted with the 
initial 0.5-g sine survey results. 

II 
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The  Y - a x i s  t e s t  p r o g r a m  was c o n d u c t e d  in the  s a m e  m a n n e r  as  
the  X - a x i s  t es t .  I n s t a l l a t i o n  p h o t o g r a p h s  fo r  the Y - a x i s  a r e  shown 
in F ig .  16. The  0 . 5 - g  s ine  s u r v e y s  and qua l i f i c a t i on  l e v e l  s ine  and 
r a n d o m  v i b r a t i o n  t e s t  r e s u l t s  a r e  shown in F ig s ,  17 t h r o u g h  20. No 
s ign i f i can t  a c c e l e r a t i o n  d i f f e r e n c e s  w e r e  no ted  with the  X - a x i s  t e s t  
r e s u l t s ,  as  would be e x p e c t e d  due to the  m o t o r  s y m m e t r y .  

4.3 THRUST AXIS FIXTURE AND PROCEDURE EVALUATION 

The  t h r u s t  ax is  b a r e  f i x t u r e  was  e v a l u a t e d  by conduc t ing  a 0 . 5 - g  
s ine  s u r v e y  f r o m  5 to 2 ,000  Hz at a sweep  r a t e  of four  o c t a v e s  p e r  
m i n u t e .  The  r e s u l t s  of the  s u r v e y  a r e  shown in F ig .  21. S ince  the  
m o t o r  m o u n t i n g  po in t s  a r e  s y m m e t r i c a l ,  t h e r e  was  v e r y  l i t t l e  v a r i a -  
t ion in v i b r a t o r y  input b e t w e e n  c o n t r o l  a c c e l e r o m e t e r  m o u n t i n g  
po in t s .  The  c r o s s - a x i s  r e s p o n s e  was i n s ign i f i c an t  excep t  above  
1 ,900 Hz in the  d i r e c t i o n  n o r m a l  to the  m o t o r  m o u n t i n g  f l ange .  

The  t h r u s t  ax is  f i x t u r e / m a s s  s i m u l a t o r  i n s t a l l a t i o n  p h o t o g r a p h s  
a r e  shown in Fig .  22, and the  v i b r a t i o n  t e s t  r e s u l t s  in F ig s .  23-27.  
Due to the  n u m b e r  of input l e v e l  c h a n g e s  r e q u i r e d  in the  qua l i f i ca -  
t ion  l e v e l  s ine  sweep  (Fig.  5a) th i s  t e s t  was  c o n d u c t e d  in 5- to 75- 
and 75- to 2, 000-Hz sweep  r a n g e s .  The  only  p r o b l e m  e n c o u n t e r e d  
d u r i n g  the m a s s  s i m u l a t o r  t e s t  was  the l o o s e n i n g  of the  m o u n t i n g  
bol ts ,  no ted  d u r i n g  the  r e m o v a l  of the s i m u l a t o r  f r o m  the  f i x t u r e  
fo l lowing  the  fifial 0 . 5 - g  s ine  su rvey .  Th i s  was  a t t r i b u t e d  to the  u s e  
of a s l i gh t ly  o v e r l e n g t h  bol t .  As th i s  p r o b l e m  would not  be  e n c o u n t e r e d  
wi th  the  IUE m o t o r  in s t a l l a t ion ,  the  t h r u s t  ax i s  p r o c e d u r e s  and 
f i x t u r e  w e r e  c o n s i d e r e d  s a t i s f a c t o r y •  

4,4 THRUST AXIS TESTING: IUE MOTOR 

The q u a l i f i c a t i o n  t e s t i n g  of the IUE m o t o r  in the  t h r u s t  (Z) ax i s  
was  s i m ~ a r  t o  the l a t e r a l  axis  p r o g r a m ,  a low l e v e l  s ine  s u r v e y  
p r i o r  to and fo l lowing  qua l i f i ca t i on  l e v e l  s i n e  and r a n d o m  t e s t i n g .  
The  p h o t o g r a p h s  of the  m o t o r  i n s t a l l e d  in the  t h r u s t  ax is  f i x t u r e  a r e  
shown in F ig .  28. The  r e s u l t s  of the  f i r s t  0 . 5 - g  s ine  s u r v e y  a r e  
shown in F ig .  29. A n o z z l e  r e s o n a n c e  m e c h a n i c a l  t r a n s m i s s i b i l i t y  
f a c t o r  (Q) of a p p r o x i m a t e l y  40 was  no ted  at the  328-Hz r e s o n a n t  point .  
Due to th is  h i g h e r  than  a n t i c i p a t e d  Q va lue ,  a s econd  s ine  s u r v e y  was  
c o n d u c t e d  at a 1 . 0 - g  input to v e r i f y  the  l i n e a r i t y  of the m a g n i f i c a t i o n .  
The  r e s u l t s  of th i s  s u r v e y  a r e  shown in F ig .  30. A Q va lue  of 44 at 
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the  328-Hz f r e q u e n c y  was  aga in  noted.  The  5- to 75-Hz p o r t i o n  of 
the  qual if . icat ion l e v e l  s ine  t e s t  was  then  conduc ted ,  and no p r o b l e m s  
w e r e  e n c o u n t e r e d  (Fig.  31). 

The  0 . 0 0 1 - i n .  double  a m p l i t u d e  d i s p l a c e m e n t  s p e c i f i e d  b e t w e e n  
200 and 420 Hz (Fig.  4) would have  r e s u l t e d  in a 6 -g  input n e a r  the  
n o z z l e  r e s o n a n c e  point  and a r e s u l t i n g  n o z z l e  a c c e l e r a t i o n  l e v e l  of 
a p p r o x i m a t e l y  260 g ' s .  In o r d e r  not to e x c e e d  the n o z z l e  d e s i g n  l e v e l  
of a p p r o x i m a t e l y  150 g ' s ,  the  v i b r a t i o n  input l e v e l  was  r e d u c e d  to 3 
g ' s  b e t w e e n  240 and 420 Hz. Howeve r ,  the  n o z z l e  p e a k  l i m i t e r  
( a c c e l e r o m e t e r  112) shut  down the  75- to 2 , 0 0 0 - H z  s ine  sweep  at the  
r e s o n a n c e  poin t  when the 150-g l e v e l  was  r e a c h e d  (Fig .  32). The  
input l e v e l  was  r e d u c e d  to 9 g ' s  be low 420 Hz, and the s ine  s w e e p  
was  r e s t a r t e d  at 300 Hz. Th i s  t e s t  was  c o m p l e t e d  s a t i s f a c t o r i l y ,  
and the  r e s u l t s ,  a r e  shown in Fig .  33. 

The  r a n d o m  v i b r a t i o n  t e s t  was  then  c o n d u c t e d  p e r  the  s p e c t r u m  
r e q u i r e m e n t s  of F ig .  4, with the  n o z z l e  peak  l i m i t e r  aga in  se t  to 
shut  down the  v i b r a t i o n  at 150 g peak.  The  f i r s t  ful l  l e v e l  b u r s t  
was  shut  down when  th is  l e v e l  was  r e a c h e d  15 sec  into the  run .  How- 
eve r ,  the  t e s t  was  con t i nued  at the  r e q u i r e d  s p e c t r u m  input  l eve l ,  
and the  r e m a i n i n g  45 sec  of the  l - r a i n  r e q u i r e d  o p e r a t i o n  w e r e  c o m -  
p l e t e d  (Fig.  34). The  f ina l  0 . 5 - g  s ine  s u r v e y  was then  conduc ted ,  and 
the  r e s u l t s  a r e  shown in F ig .  35. T h e r e  w e r e  no s ign i f i can t  r e s p o n s e  
c h a n g e s  f r o m  the  in i t i a l  0 . 5 - g  s ine  su rvey .  
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AEDC-TR-76-172 

V i b r a t i o n  I n p u t  L e v e l s  

S i n u s o i d a l  

L o g a r i t h m i c  Sweep a t  Four  O c t a v e s / m i n  

S p a c e c r a f t  F r e q u e n c y  A c c e l e r a t i o n  D i s p l a c e m e n t ,  
Axis  Range ,  Hz g, 0 t o  Peak i n .  D.A.*  

T h r u s t  
(z) 

L a t e r a l  
(X-Y) 

5 to 7.2 "--- 0.75 
7.2 to 15 2.0 --- 
15 to 21 7.0 --- 
21 to 35 4.0 --- 
35 to 75 8.5 --- 
75 to I00 4.0 --- 

I00 to 198 2.0 --- 
198 to 420 --- 0.001 
420 to 2,000 9.0 --- 

5 to 7 --- 0.8 ~ D.A. 
7 to 25 2.0 --- 

25 to 45 3.0 --- 
45 to 200 1.5 --- 

200 to 420 --- 0.001 
420 to 2,000 9.0 --- 

Random Levels - All Axes - l-min/Axls 

F r e q u e n c y  Range,  Hz PSD, g2/Hz 

20 to 150 0.032 
150 to 250 6 db/oct 
250 to 1,000 0.083 

1,000 to 2,000 -3 db/oct 

Overall = 11.39 g rms 

*Double Amplitude 
t 

Figure 4. Vibration input levels. 
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Figure 5. IUE mass simulator. 

20 



2 

Q 0 

l f l f l l lU l lU l l l l l l  
IH I I I I I I I IH I I I  
M I I I I I I H f l l I I  

I B I I I H I I I H H I I I  
I m l I B I I H H I H l i  
I I I  I I I I I I I  
IIiiililiiiiii 
IIIII, I I I I I I M I I I  

5 

~i] NI 

HI!I 
i 

10  

VKF i V A F a c i l i t #  I~rnam~cs  T e s t  

T e s t  A r t i c l e :  T h i o k o l / I U E  F i x t u r e  
V i b r a t i o n  A x i s :  Y 
T r a c k i n g  F i l t e r :  S D 1 0 1 2 B  
BWl: 5 H z ,  f r o m  5 t o  4 5  Hz 

B w 2 :  Do n z ,  ~rom 4D ~o z , u u u  n z  

D a t e :  4 - 9 - 7 6  
R e m a r k s  : O f f  T a p e  

, '  il ,llIHlillr ~Ill l i- i i i i i i i~iiii l  
H44Hi 7~ I ~ t 7 ]  "tl~jll!-iji'''i[; "i 111-IiTI111"% 

I I I I I l i l l l  Ill i I II11111111 III 

100 
F r e q u e n c y ,  tt7. 

a. Average of  accelerometers 1, 2,  3,  and 4 Y  

~ lNt l J iN I I i I lN ! ! ! l lH l i i ! l l  I I I I I I I I l  iii!Itll!!lilill iiillii'.imill I i i l l l l l l 
i ! i l ! I INl i l l t l l  I ! ! ! ] ! i i ! ! i ! i ' , [  I I !111111 

, ,,,,,,, 
' ~!u ~: ~.- I lilll!i 

i:.ii~! lj! ~--~:,,i:i~] r + . - ~  
l i l l l J ] l ] l  l l l l l  lill 

1 , 0 0 0  2 , 0 0 0  

0 
.IJ 

I-I I l l  

0 
0 
< 

2 iiiiiiiiiii iiiiiiiiiiiiiiiiii 

IIItlH I IIIIII!',111111111i 
1 Illlilliil I I I IIIit!11itlii11! 

]1i11!1111111111111111111 
0 ~l l l l l l l l i  I I IIIIIII111111111 

5 

i i i iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii, , iiiiiiiiii" 
I I I I I I  III111111111111111i111111i11111111111111 ~111111!]1 
I I I |  I I IIIlilIAII.LI_L!]IIIIIIIIIIIIIIIIIIIIIIIII HIIIIIItl 
I 11 I 1 1 llltllll!lll!llllllll~lllll!llllllllli tlli l l l l l l 
I 1 11 1111tlIIIIIIIINI]IIIilIII1GtfilI!IIIII!I !111111111 
I I I I I I I I I I I I II I I I I I I i l I I I ! ! IN. ' ] I~IIT]ITITN 1111111ill 

I 1 ]  1 11 [IN ! i l l~l l~Ll iJH I1ii111111 
-I I , ,.L[l , l l , lllllllllil,!IH,'.llillii!,[!~ll{~ I ~  

r~ l i l  I 1 1 1 1 1 1 1 1 ]  
I " I ! I I I l l l i f l ~ l ] l l t l l l l l l f ~ l  

l..l l.l.iiiliiilllllulilliliillillilillilllllllil iliiiiliii 

10  1 0 0  

! ! ! ! ! !  !!!iiiiiiiiiiiiiiHii!!!!!!!!H!!!!!!!!!!!H!! iHii~ii i 
.... i i iiiiiiiiiiTIlh 1~!~~ 1!i111~ I 

I I  I I I I I I I I I H ] I I H L ~ H ~ ,  ];iI I I I M  
I I  i l l l l  ' I ' i . . . .  

i i ; i, I IililIIlIIIIIIIlINIIINIf!NNNllNNI!,II] 
I I I IIIIIl[lJll]llllllllllllllllllIillllllllllllllll _ 

1 , 0 0 0  
F r e q u e n c y ,  Hz 

b. Accelerometer  1 Y  
Figure 6.  Lateral axis f ixture evaluation: 0.5-g sine survey, bare f ixture.  

i i i i i i i i i i i i i i i i  
l i l l  I l t l l l l l t l l l  
I i I I I I l l l l l ; l l l l  

2 , 0 0 0  

m 
o 
9 
- I  
31 

Ol 



i , . i  

l ~ ( l )  
O ~  

0 
0 

E 
O .,H 

~ l ( D  

O 
rJ  .< 

0 

(l) I=,  

0 

1 iiiiiiiiiiiiiiiii iiiiiiiiiiiiiiii i i i i i i i i i i i i i i  
IIItllflllllllllllllllllllllllll!!ll I I I I I I  I I I I I I 1 !  
IIIllllllii'Hliiiiiiill[ll[i~TTl~i. I I I  I ; li ; ', ', ; '[ II ', I, ', J 

.1111!1IIIIIIIIIIIIIIIIIIIIIIIIIIII ""11 I I I I I 1 1 1 1 1 1 1 1 1 1  
O 'llJ]llilll~llllllllllllilllllllllil I I I I I I I I I I I I I I I  

5 1 0  

i i~iiiiii iiii iiiiiiii~iiiiiiiiiiiiii i 
!!I! iItlt N!I i t I lllllllllliltIlliitHt 

: i i i i i  l l l l l l ] l l l l l l l l l ! l l l l l l l l l l l l  i : 

Niiiiiii iiii i iiiEI~[i]iiiiiiiiiiiiii i"  
II!1 IIIII IIII I I I IIIIIIIIIIIIII]IINIII 

. i00 

F r e q u e n c y ,  

i i iiiiiiiiiilliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii!iiii~i i i i i i i i i i i i i i i i i i  ii 
I IIIIIIIIIlilllllllllllllllllllllllllllllllllllll'.!!lll'.llli I I I I I I l l l l l l l l l l  II 
• I . . . . .  11?',,4.,,},,,IILI.I],!IlIIIIIIIIIII!IIIILLLI~ It11111111 I1 
I I I I I IIIIl'Fllllllil/~llTFf~141~lllllllll/iliiiliilll!l~'llll r ' R R ~ l ]  I l l l l l l l l l l  II 
I I I I I I I I  I I  IIIIlllllllllllllllllll?l'tlii_ I_III"[IIIIFI'TIlIiltl I I 1 1 u l i l l l  I I I  11tl II 

1 , 0 0 0  2 ,  O O O  

c. A c c e l e r o m e t e r  2 Y  

2 iiiiiiiiiiii i i iiiiiiiiiiii!iiiiiiiii i i i i i iiiiiiiiiit!INNl!I!l 
II!liltlIIIlllllllllllllilllllllllll I I I I I I I  I l t l l l l l l l l l l l l l  I!11 
IIIIII!1111111111IIII111111111111111 I I I I I I I  I I I I I I I  II]111 Nil 
Illillillllllillllllllllllilllllilll I I I I I I  I , I l l r l l l~  Iiii 
111111111111 i I IIIIllll!llllllillllli i l I I I I I l i l l  

"1 IIII!llii!lltill!llllil!'M!ilil I I I l i l  i l i l i l l l l l l l l i I ! l l l ! l  
~ ~  l i ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! l ! ! ! ! l ! ! i ! !  
ll!lllilltiillllilllllllllllllllll " : i I I111111111111111111~t 

5 10 

i 
I 

I I 
I ! 
I 
I 

~ ~ii iiii iiiii i i : i  lllll 
i i i i  !i iHli l l l l  

~l~ ii !IiI ~H~ !!!~ ,, Illll 

I [ I~ !  " 
ilJll II NiJiiii 
IIIII ii ININil 

1 0 0  

i i i i  i i i i i i i  iiiiiiiii iii~iiiiiiiii ittiiiii~i!!i!!!!!!!iiil 
l l l ]  " "  I l i  I I l l l l l l l l t l i l l l r l ! ! i l  l l l l l l i f l .~ .~  ...... If[! 

, , , i  , l ,  .... ,,,,,~II I ....... ~ ~:~:,,,,!,l,,!ii I I i I ] l l i l l i i i i  IIIPl ill! I!!!11~ i I , . i l ! : .~l .  f 
i i , ,  ' i l l ,  i , , , l  : ill: l![ll ]'l! [,llrl.i..lil~rl], _ i  

" l i i l l i i i l i l l i i t l i  i l l ! l : im l ! i i ~  
i ! ! !  . . . .  ,:,,i ~l !Ii . . . . . . . . .  , , , ,  

,,,I ~ ~ l l ' [ r l  i l l  } t  -++*, ~ r i  
I i i i  i i i i i i i i l i i l l ~  HI -I1-i1~ ~, 'ii 

1 , 0 0 0  

F r e q u e n c y ,  Hz  ' 

iiii iiii 

i il 
2 ,  O O O  

I ~iiiiii 
IIIii111111 
Ii i i i i i i i i i  
II1!i111111 

1 ]~11i111111 

N IlJlNIli,i 
0 I1111111111 

5 

d .  

iiiiiiiiiiii!iiiiiiiiiii i i i i i i i  ii i i i i i i i i i i i i i i i i i  i iiii 
I I I I l l l l l i i i t l i l l i l l l l l l  i I I I l l l l l l l l l l F ! l l l l l l t l ~ l l ,  l l l i '  
I I III11Iii11111IIIIii111 I I I I  I I t I t  I i l l l l l l l ! i ! i l i l i i  i1!I 
I I i l i l I I I ! I [! INil I! i l I I  I I I I I I  I I I I I I  I!l i l[i! 
I I III I IIINIIIIIIIIIIIII I Nil I!N 
LLI IL!JLI.].i.i..{I] ! ! IIi I I11 I l l  l i !  I I I I I I I l i l ! l l l l l l ! i ! i ~  
II/H!~IHHI/II!III~I I I  I I I I I I I II!1111t1!*I!1 .~ 
'G I I l ] l l l l l l i l l T I7171 [ ]P l l  :I1" ! ]  i i i i i l i i ' ,  l i b lT ; ;  ..... ~ i ~ 1 ;  
I I I I I J l  i]IIIIIINlll - I I l i l i i l l i t l l i i l l l l l ~ l  

I I I I 1 i l l l l l l l l l i l l i l l i l l l l l l N N t t i [  

1 0  

A c c e l e r o m e t e r  3 Y  

iiii i i i i ii: iiii iiii 
Illl il i i !11 illi ~lil 
N! ! i i i i  i ! ! t l ! : i l i !  
!!iI .... m ml iiil 
~:, .... I1! mI !I!I 
~,, +"*' ii! N!r~ 
iit!!,N ',;', ill', 171i~ 

i i i l  i i i i i i i i i i i i i  i~i iiii~iii i: iiii iiii iii~iiii~iiil 
! I I I . . . . . . .  !1i111iil Ni i l ! ' : !h l  I l l !  !! i: !!lili;!!lTr 

i I I l l  i i i i i i i i ! l l l l l ! l !  illlllJt]iiilll!!!ii!llll!l:il:!~ 

I J i l l  l l l l  ,~:~ ~ l . ~ + * " - " ~  

1 0 0  

ill i i I I I i  I t ! l  
I l l :  ~ li II 
, , ,  

I"I " ~  

2 , 0 0 0  1 , 0 0 0  

F r e q u e n c y ,  Hz  

e. A c c e l e r o m e t e r  4 Y  
F i g u r e  6 .  C o n t i n u e d .  

m 

(1  

- r l  

,l=li 

I"t l 



t,3 

¢J 
¢J 
.,¢ 

I ...... ~ : i . - : , ; . - ~  iliiiiiiiiiii i iiiiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii~j'+:"'i"i~ 

lltlii~++',l I i I ill .... [In 0 llllllll_..u~++m iiilr:!+iH 1 1 I I I  llllllllllllllll!lllill+It+ItlillZlll]lllllllI! 
' *~  ~ l i l l  tl I I I I I I I I I I I  IIIltlll!l I I I I l i l l l i ! l i l  tlJ~, 

5 10  1 0 0  

3 iiiiiiiiii ~~ iii 

• r.I LI1LL 

I I - I  :~+ 
4~ 131) 1_ I .... I+!!IP 
° 

o ~~ 
5 

=- 
0 

,i,,I 

; . 1 < ~  

i-4 
O) bO 
0 

--I--I--k--t- 

.--+--<--<.--p 
-1+--i--+--i- 

i n l l l l l n ~  
i l i l l i U l l l l l l l l l J ~ B I  
l l l l l l l l l l l f l f l l l l f l l f l l l  
I l l  I l i i l l l l l l l l l l i l lm l l  
I ! i11~ 'ilIIHilIHHIHH 
~l l l~ j lk l~ lO,  l.'.*ll lUlIII 

F r e q u e n c y ,  H z  

f. Accelerometer l X  
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9. Accelerometer 2X  
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h. Accelerometer 3X 
Figure 6. Continued. 
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Figure 7. Lateral axis procedure evaluat ion:  0.5-g sine survey, mass simulator .  
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Figure 8. Lateral axis procedure evaluation: qualification level sine sweep, 
mass simulator. 
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Figure  10.  Lateral  axis i x o c e d u m  eva lua t ion :  0 . 5 ~  sine s u n m y ,  
m a ,  s imulat¢~ .  
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Figure 11. X-axis motor installation photographs. 
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9. Accelerometer 4X 
Figure 12. Continued. 
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h. Accelerometer 5X 
Figure 12. Continued. 
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I. Accolerometer 9X 
Figure 12. Continued. 
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O. Accelerometer 13X 
Figure 12. Continued. 
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p. Accelerometer 14X 
Figure 12. Continued. 
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q. AcceleromeiDr 15X 
Figure 12. Continued. 
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r. Accelerometer 16X 
Figure 12. Continued. 
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t. Accelerometer 11Y 
Figure 12. Continued. 
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x. Accelerometer 14Z 
Figure 12. Concluded. 
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a. Closed loop plot 
X-axis vibration test: qualification level sine sweep. 
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b. Accelmomet~ av~aged, online 
Figure 13. Continued. 
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Figure 12. Continued. 
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Figure 12. Continued. 
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Figure 12. Continued. 
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Figure 12. Continued. 
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p. Accelerometer 14X 
Figure 12. Continued. 
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q. Accelerometer 15X 
Figure 12. Continued. 
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r. Accelerometer 16X 
Figure 12. Continued. 
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Figure 12. Continued. 
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v. Accelerometer 15Y 
Figure 12. Continued. 
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x. Acilelerometer 14Z 
Figure 12. Concluded. 
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Figure 13. X~xis vibration test: qualification level sine sweep. 
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Figure 13. Continued. 
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c. X accelerometers averaged 
Figure 13. Continued. 
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d. Accelerometer 1X 
Figure 13. Continued. 
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e. Aomlerometer 2X 
Figure 13. Continued. 
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Figure 13. Continued. 
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Figure 13. Continued. 
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i. Accelerometer 6X 
Figure 13. Continued. 
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Figure 13. Continued. 
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Figure 13. Continued. 
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x. Accelerometer 14Z 
Figure 13. Concluded. 

i i i l l l l l l i i  i i i i i i  
I I I I I I I I I I I  I I I I I I  
I I I I I I I I I I I  I I I I I I  

I I I I I I I I I I  I I I I I I  
I I I I I I I I I I I  I I I I I ]  

I l i l l l l i l l l  
I I [ l l l i i l l l  

i I l i l i l ] l l l  
I I I 1 1 1 1 1 1 1 1  11111 
I I l l l l l l l l l  l l l l l l  
I I  I I I I I I I I I  I I I I I I  
I I I I I [ I I I I I  I I I I I I  
I I  l l l l l l l l l  I I I I I I  
I I  I I I I I I I I I  l l l l l l  
I I I I I I I I I I I  I I I I I I  
I I I I I I I I I I I  I I I I I I  
I I I I I I I I I I I  I I I I I I  
I I I I I I I I I I I  I I I I I ]  
] [ I I I I I I I I I  111111 
I I I I I I I I I I I  I I I I I I  
I I I I I I I I I I I I  l l l l l ]  
I I I i l l l l l l l l  l l [ I T I  
III I I I I I I I I I  Ili111 

" ' " ' " ' "  iJll l i  I I ' i l l l l l l  
lJl  I I  !il I I I I I  

J l  ~1111111111 III1/I  
Vl ]ler I ] ' 1 1 1 1 1  !11111 

2 ,000  

> 
m 
o 
? 
- !  
, ,R  

41P 

M 



A E D C - T R - 7 6 - 1 7 2  

10 0 

N 
m 
N i0 -I 
W 

P4 
d 

I¢1 

0 
4.1 

10-2' 

o 
rJ 
rJ 

V[F IVA F a c l l l t y  Dynamlcs  T e s t  

T e s t  A r t i c l e :  NASA/IUE 
V i b r a t i o n  A x l s :  X 
V i b r a t i o n  L e v e l :  1 1 . 3 9  g rms 
A n a l y z e r :  SD301D 
A n a l y z e r  B a n d w i d t h :  7 . 4 5  Hz 
D a t e :  5 / 1 0 / 7 6  

l o  -3_ L 
10 100 1 , 0 0 0  

F r e q u e n c y ,  Hz 

a. Closed loop plot 
Figure 14. X4xis vibration test: qualification level random vibration. 
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Figure 14. Continued. 
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b. Accelerometers averaged, online 
Figure 15. X-axis vibration test: 0.5-g sine survey. 
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c. Accelerometers averaged 
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d. Accelerometer 1X  
Figure 15. Continued. 
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f .  Acce lerometer  3 X  
Figure 15.  Cont inued.  
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g. A c e e l e r o m e t s r  4 X  
F igure  15 .  C o n t i n u e d .  
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h. Accelerometer 5X  
Figure 15. Continued. 
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i. Acoelerometer 6X 
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q. Acoelerometer 15X 
Figure 15. Continued. 
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r. Accelerometer 16X 
Figure 15. Continued. 
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t. Aceelerometer 11Y 
figure 15. Continued. 
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Figure 15. Continued. 
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Figure 15. Cor~ludod. 
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Figure 16. Y-axis motor installation photographs. 
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Figure 16. Concluded. 

e~ 
0 Q 

2 8 7 4 - 7 6  
ii1 
o 
,o 
- I  
=B 

? 
,,4 
M 



o 0 

0 
o 0 

V K F ! V A F a c l l t t y  D3namtcs  T e s t  

T e s t  A r t i c l e :  NASA/IUE 
V i b r a t i o n  A x i s  : Y 
T r a c k i n g  F i l t e r :  SDIO12B 
BW I.-. 5 Hz from 5 to 45 Hz I' i llllillllllil 

I Ill]l I I I I II I I l l l l l ] l l l l l l l l l  i i 
BWg. 5 0  ~ f r o w ,  4 5  t o  9 - , 0 0 0  l t ~ i  l l i l l l l i l i l i l l  I I I,,lilJlqmiiHHH,~ ~ 

I I I I I I I I I I I I I I I I 1  I][1111111111111111111111111111111111111111 I I 
l l l [ | l l l l l l l l l l l l l l  I I I l l l l l l l l l l l l l l l l  IlIIIIII[IIIIIIIIIIIIIIlIIIIIlIIIIIIIIH I 1 I I l l l J l l l l l  l I l l  l l 

I ILI I I  IIIIIIIIIIIIIIIIIII I I I I IIIIIIIIIIIIIIlIHIIIIIIIIIIIIIIIIIIIIILIIlIIIIIIIIIIIIIIIIII I I I I IIILIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIUIIIIIIIIIII I I 
J [ l l | l l l l l l l l l l i l l l  I . I  I I llllllllllllllllllllllllllilllflltitllllFll]itiHllllllllllll I I I I IIEFIIIIIIIIIIIIIIIIIIIlIIIII[IIIIIIIIIIIIIIIIIIIIIIIIIIIII I I 
lJJl lJJl l l l l l l l l l l l  I I I I I I lllllllllllllllllllllllllllJlllllllllllllllllllllllllllllll I I I I I I llllllllllllllllllllJlllllI[lllllllllllllllllllllllllllll I l 
I I I I I I I I I I I I I ILII ILI I j I  J I I 1 1 I I I  I l l  ' llllllll[lllillllllllllllllllllllllllllllllllllllll II I lllllllllll]llllllllllllllllllilllllllllllllllllllllllllllll II 
Date: 5/11/7~ lllllllllllllllllllllllIllllllllllllllllilllllillll I I I I I I llllllllllllllllllllllllllillllllllllllllllllllllllllllll I I 

. _ . ................... ~ .IT,.~ ..... llll]llllllllllllllllllllllllllllllllllll]lllllllll I I I l lllllllllllll!llllllllllllllllllllllllllllllll[llllllllllll I I 

5 10  1 0 0  1 , 0 0 0  

Frequency, Hz 

a. CIo~KI loop plot 
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b. Acceleromelsrs avoragod, online 
Figure 17. Y-axk  vibration test: 0.511 sino survey. 
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c. Accelerometers averaged 
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d. Accelerometer 1Y 
Figure 17. Continued. 
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e. Acmlerometer 2Y 
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f. Accelerometer 3Y 
Figure 17. Continued. 
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Figure 17. Concluded. 
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a. Closed loop plot 
Figure 18. Y4xis vibration test: qualification level sine sweep. 
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Figure 18. Continued. 
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Figure 18. Cominued. 
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e. Accelerometer 2Y 
Figure 18. Continued. 
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f. Accelerometer 3Y 
Figure 18. Continued. 
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g. Acce lemmet~4Y 
F i w m  18. Co~inued. 
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h. Accelerometer 5Y 
Figure 18. Continued. 
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Figure 18. Concluded. 

1,000 2 , 0 0 0  
m 
o 
? 
-4 



A E D C-T R - 7 6 - 1 7 2  

10 0 

N 

w 10_ 1 
4J 
"PI 
W 
Q) 

f - I  

.ia 
u 
@ 

=1 
0 
.~1 
4.) 

k 
i0 -~ 

o 

10-3 
m 

Frequency, Hz 

a. Closed loop plot 
Figure 19. Y-axis vibration test: qualification level random vibration. 
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Sp ike  

VEF IVA F a c i l i t y  Dynamics Tes t  

Tes t  A r t i c l e :  NASA/IUE 
V i b r a t i o n  Axis :  Y 
V i b r a t i o n  Lev e l :  1 2 . 4  g rms 
A n a l y z e r  Used: SD301D 
A n a l y z e r  Bandwidth:  7 . 4 5  Hz 
A c c e l e r o m e t e r :  Average 
Date:  5 / 1 2 / 7 6  
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b, Online plot 
Figure 19. Continued. 
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Figure 19. Concluded. 
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T e s t  A r t i c l e :  NASK/IUE 
V i b r a t i o n  A x i s :  Y 
T r a c K i n g  F i l t e r :  SD1012B 
BWl: 5 Hz from 5 t o  45 Hz 
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BW2: 50 Hz from 45 t o  2 , 0 0 0  Hz 
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b. Accelerometers averaged, online 
Figure 20. Y4xis vibration test:. 0.5~ sine survey. 
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Figure 20. Continued. 
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Figure 20. Continued. 
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h. Accel~ometer 5Y 
Figure 20. Continued. 
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k. Accelerometer 8Y 
Figure 20. Continued. 
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I. Ac~lerometer 9Y 
Figure 20. Continued. 
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m. Accelerometer 11Y 
Figure 20. Continued. 
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n. Acoelemmeter 12Y' 
Fig~m 20. Continued. 
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o. Accelerometer 13V 
Figure 20. Continued. 
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T e s t  A r t i c l e :  NASA/IUE 
Vibration Axis: Z 
Tracking Filter : SDI012B 
BW]: 5 Hz from 5 to 75 Hz 

BW2: 50 Hz from 75 to 2,000 Hz 
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d. Acoelerometer 3Z  
Figure 21.  Continued. 
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Figure 22. Thrust axis installation photographs: mass simulator. 
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Figure 22, Concluded. 
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Figure 23. Thrust axis procedure evaluation: 0.5-g sine survey, mass simulator. 
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Figure 24. Thrust axis procedure evaluation: qualification level 
sine survey, mass simulator (5 to 75 Hz). 
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Figuhl 27. Thrust axis procedure evaluation: 0.5-g sine survey, mass simulator. 
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Figure 28. Z~xis installation photographs. 
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Figure 28. Continued. 
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Figure 28. Continued. 
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Figure 28. Concluded. 
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a. Closed loop plot 
Figure 29. Z~xis vibration test: 0.5~1 sine survey. > 
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b. Online plot, Z accelerometers averaged 
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Figure 29. Continued. 
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g. Acoelerometer 2Z 
Figure 29. Continued. 
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i. Accelmometer  4Z  
Figure 29.  Continued. 
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Figure 29. Continued. 
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Figure 29. Continued. 
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Figure 30. Z~xis vibration test: 1 .0~ sine survey. 
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c. Accelerometers averaged 
Figure 30. Continued. 
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d. Accelerometer 1Z 
Figure 30. Continued. 
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e. Accelerometer 2Z 
Figure 30. Continued. 
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g. Acoelerometer 4 Z  
Figure 30.  Continued. 

2 , 0 0 0  

m m w ~ . w w . . . = = . ,  

l l l l l l l l l l l l ! l  
I l l l l l l l l l l l l l  
I I I I I I I I I I I I I I  
l U l I I I I I I I I I I  
I I I I I I I I I I I I I I  
I I I  ~1111111111 
I I I  i l l l l l l l l l l  
I l l  I I I I I I I I I I I  

i I I I I I I I I I I  

. I  ,.! U l l l l l l l i  
l i l l  l U l l l l l l i  
I I I !  l l l l l l l l l i  
I I I )  U l l l l l l l i  
I I I |  U l l l l l l l i  
l l l i  l l l l l l l l l i  
I I I !  l l l l l l l l l i  
l l l i  l l l l l l l l l i  
I I I !  l l l l l l l l l i  
l l l f  U l l l l l l l i  

2 , 0 0 0  

> 
I11 
o 
(1 
:4 
=0 

? 
d 

M 



3 

t~ 

*j 
2 

h0 

0 
4~ 
e~ 

¢J 

0 

5 10 1 0 0  

Fr .equency ,  Hz 

h. Accelerometer 5Z 
Figure 30. Continued. 
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i. Accelerometer 6Z 
Figure 30. Continued. 
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j. Accelerometer 7Z 

Figure 30. Continued. 
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Figure 30. Continued. 
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I. Accelerometer 9Z 
Figure 30. Continued. 
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m. Accelerometer 11Z 
Figure 30. Continued. 
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b. Online plot, acceierometers averaged 
Figure 31. Continued. 
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c. Accelerometers averaged 
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d. Accelerometer 1Z 
Figure 31. Continued. 
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f. Accelerometer 3Z 
Figure 31. Continued. 

Hz 

75 

230 



A EDC-TR-76-172 

12 

8 

,=4 
0 ~  
~J 
¢J 
,d 

4 

12 

0 
5 

F r e q u e n c y ,  Hz 

g. Accelerometer 4Z 
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h. Accelerometer 5Z 
Figure 31. Continued. 

75 

231 



A E D C - T R - 7 6 - 1 7 2  ' 

12 

8 

k O  
O ~  

i,-4 
O ~  
O 
O 
< 4 

12 

0 
5 

F r e q u e n c y .  

i. Accelerometer 6Z 

Hz 

75 

8 

~ O  
O ~  

O 
O 
< 4 

0 
5 

F r e q u e n c y ,  Hz 

j. Accelerometer 7Z 
Figure 31. Continued. 
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k. Accelerometer 8Z 
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I. Accelerometer 9Z 
Figure 3t.  Continued. 
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m. Accelerometer 11Z 

75 

12 

8 

~)b0  
O 
O 
< 4 

0 
5 

F r e q u e n c y ,  Hz 

n. Accelerometer 12Z 
Figure 31. Continued. 

75 

234 



12 

0 

/ :  

8 

t - I  

o 
o < 4 

A E D C - T R - 7 6 - 1 7 2  

~)tw 
¢J 
o ,< 

5 

12 

8 

4 

-4 

F r e q u e n c y ,  Hz 

o. Aecelerometer 13Z 

75 

0 
5 

F r e q u e n c y ,  Hz 

p. Accelerometer 14Z 
Figure 31. Continued. 
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Figure 31. Continued. 
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Figure 32. Zexis vibration test: 75 to 325 Hz, qualification level sine sweep. 
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Figure 32. Continued. 
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VKF IVA F a c l l l t y  Dynamlcs T e s t  

T e s t  A r t i c l e :  NASA/XUE 
V i b r a t i o n  Axle:  Z 
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Figure 35.  Cont inued.  
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Figure 35. Continued. 
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Figure 35. Continued. 
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Table 1. Instrumentation Calibration Traceability 

t ~  
O0 

P a r a m e t e r  
M e a s u r e d  

Vibra t ion  
L e v e l  

lr 

Ft"equency 

F r e q u e n c y  

I n s t r u m e n t  
Name 

Mode] 13116 
X-Y  Disp lay  

Mode] SD301D 
Real  T i m e  A n a l y z e r  

Mode] SD309 
E n s e m b l e  A v e r a g e r  

Mode] SD1010B 
C a r r i e r  G e n e r a t o r  

X-Y  P l o t t e r  

Mode]  S D l l 5 A  
Auto L e v e l  P r o g r a m m e r  

SD105C 
Ampl i tude  S e r v o / M o n i t o r  

SDI012B 
T r a c k i n g  F i l t e r  

SD1012B 
T r a c k i n g  F i l t e r  

SD104A-2 
Sweep O s c i l l a t o r  

5512A 
E l e c t r o n i c  Counte r  

I n s t r u m e n t  
N u m b e r  

55354 

55356 

55355 

54897 

40170 

55570 

54899 

58006 

54898 

3 8 8 8 6  

I n s t r u m e n t  
C l a s s i f i c a t i o n  

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

Ca l ib r a t i on  
I n t e r v a l  

A/R 

Date  of 
L a s t  Ca l ib ra t ion  

i 

2-16 -76  

3 -23 -76  

2 -16 -76  

3 -20 -76  

4-30-76 

3-25-76 

3-23 -76  

3 - 2 2 - 7 6  

3-3 -76  

9-181-75 

m 

o 
? 
-n 

I%1 



Table 1. Continued 

m 
o 

-4  

0O 

P a r a m e t e r  
M e a s u r e d  

F r e q u e n c y  

F r e q u e n c y  

V ib ra t i on  
L e v e l  

P 

Mag Tape  
Input Cal 

I n s t r u m e n t  
Name  

SD22A 
A v e r a g i n g  Cont ro l  

MAC-8 
Mult i funct ion A v e r a g e r  

1858  
CRT V i s i c o r d e r  

1060 
RMS V o l t m e t e r  

1060 
RMS V o l t m e t e r  

F luke  8375A 
Digi ta l  Mul t ime te r  

Model 1450 TBR 
Decade  At tenua to r  

L P -  10 
Low P a s s  F i l t e r  

RM31A 
O s c i l l o s c o p e  

P r e s t o n  
A m p l i f i e r  

P r e s t o n  
A m p l i f i e r  

. I n s t r u m e ~  
N u m ~ r  

58005 

57992 

55386 

49735 

49737 

5 5 1 5 4  

55661 

38872 

4 0 3 8 7  

57493  

55089 

I n s t r u m e n t  
C lass i f i ca t io~  

T 

S 

T 

Ca l ib ra t ion  
In t e rva l  

A / R  

6 mos 

6 l O S  

12 mos 

A/R 

A/R 

Date of 
L a s t  Ca l ib ra t ion  

3 -19 -76  

10-21-75 

1-12-76 

4 - 5 - 7 6  

4 - 5 - 7 6  

5-V6 

7 -10-75  

3 -27 -76  

9 - 1 6  - 7 5  

I@ 



Table 1. Continued 

t~ 
o0 

P a r a m e t e r  I n s t r u m e n t  I n s t r u m e n t  I n s t r u m e n t  C a l i b r a t i o n  Da te  of 
M e a s u r e d  N a m e  N u m b e r  C l a s s i f i c a t i o n  I n t e r v a l  L a s t  C a l i b r a t i o n  

A c c e l e r a t i o n  T 6 m o s  
2226 
A c c e l e r o m e t e r  

53960 

53961 

53956 

53955 

53957 

53962 

53965 

53958 

55253 

53966 

53959 

3 - 2 2 - 7 6  

3 - 2 2 - 7 6  

2 - 1 6 - 7 6  

3 - 2 2 - 7 6  

2 - 1 6 - 7 6  

3-22--.76 

3 -22  -76  

3-2~. -76  

3 - 2 2 - 7 6  

3 - 2 9 - 7 6  

3 - 2 2 - 7 6  

), 
m 

- n  

o )  



Table 1. Cont inued 

m 

f~ 

;0 

~a 

b~ 
O0 

P a r a m e t e r  
M e a s u r e d  

A c c e l e r a t i o n  

I n s t r u m e n t  
N a m e  

2226 
A c c e l e r o m e t e r  

1 
2228 
Acce le rome te r  

I n s t r u m e n t  
N u m b e r  

55252 

53964 

53963 

52521 

52520 

52522 

52525 

52519 

52526 

52523 

52524 

I n s t r u m e n t  
C l a s s i f i c a t i o n  

T 

C a l i b r a t i o n  
I n t e r v a l  

6 m o s  

Date  of 
L a s t  C a l i b r a t i o n  

3-22-76 

3-22-76 

2-17- ' /6 

2-20-76 

3-23-76 

2-23- ' /6  

3-25-76 

2-24-76 

3-24-76 

3-26-76 

3-23-76 



Table 1. Continued 

b,} 
00 

P a r a m e t e r  I n s t r u m e n t  I n s t r u m e n t  I n s t r u m e n t  C a l i b r a t i o n  Da te  of 
M e a s u r e d  N a m e  N u m b e r  C l a s s i f i c a t i o n  I n t e r v a l  L a s t  C a l i b r a t i o n  

Acceleration T 6 mos 

V i b r a t i o n  
L e v e l  

2228 
A c c e l e r o m e t e r  

Model  D - I I  
Charge Amplifier 

52527 

52528 

53865 

55251 

53864 

53863 

54095 

53890 

54O94 

52622 

54092 

3 - 2 9 - 7 6  

3 - 2 4 - 7 6  

3 - 2 5 - 7 6  

4 - 2 3 - 7 6  

3 - 2 9 - 7 6  

3- .26-76 

2 - 1 2 - 7 6  

m 

,o 
-n 

? 
. b  



Table 1. Continued 

m 
O 
t ' J  

-11 

.= 
, , j  
k.t 

t ~  
0 0  
0 0  

P a r a m e t e r  I n s t r u m e n t  I n s t r u m e n t  I n s t r u m e n t  Ca l i b r a t i on  Date  of 
Measu red  Name  N u m b e r  C la s s i f i ca t i on  In t e rva l  L a s t  Ca l ib r a t i on  

T 6 m o s  2 - 1 2 - 7 6  
Vibra t ion  

L e v e l  
Model D-  11 
Charge  A m p l i f i e r  

52617 

54093 

58221 

~2621 

52626 

52615 

52619 

52623 

52625 

52618 

58201 



Table 1. Concluded 

oo 

P a r a m e t e r  
M e a s u r e d  

V i b r a t i o n  
L e v e l  

P 

T e s t  D a t a  

T e s t  D a t a  

M a g  T a p e  
D e v i a t i o n  

I n s t r u m e n t  
N a m e  

M o d e l  D -  11 
C h a r g e  A m p l i f i e r  

Mag Tape VR3700B 
Bell & Howell 

Mag Tape VR3700B 
Bell & Howell 

B e c k m a n  Freq. 
Counter 

I n s t r u m e n t  
N u m b e r  

58202 

58220 

52616 

52620 

52624 

53889 

53536 

57884 

11700 

I n s t r u m e n t  
C l a s s  i f i c a t i o n  

T 

Calibration 
Interval 

6 m o s  

A/R 

D a t e  o f  
L a s t  C a l i b r a t i o n  

2-12-76 

m 

o 
? 
=d 
-n 

. = a  



Table 2. NASA IUE Rocket Motor Vibration Test Activity Record 

rn 
O 
? 
-n 

,.j 
kt 

t,J 
~O 
C~ 

Date 

4-9-76  

4-30-76 

5-3-76 

5-3-76 

5-4-76 

5-5-76 

5-6-76 

5-7-76 

5-10-76 

5 - 1 1 - 7 6  

5 - 1 1 - 7 6  

Activi ty  

L a t e r a l  ax i s  ba re  f i x tu re  eva lua t ion  with four -po in t  a v e r a g e  cont ro l .  

Mass s i m o l a t o r / l a t e r a l  ax i s  f ix ture  eva lua t ion  conducted. 

L a t e r a l  ~xis  qua l i f i ca t ion  l e v e l  s ine  su rvey  e c ~ l u c t e d  wi th  m a s s  a i m o l a t o r .  
F ive -  to 2 ,000-Hz  s ine  sweep  at  4 o¢:t/mm. 

L a t e r a l  ax i s  qua l i f i ca t ion  l e v e l  random v ib ra t ion  t e s t  conducted wxth m a s s  
s i m u l a t o r .  

L a t e r a l  a ~  0 . 5 - g  s ine  surw, 'y conducted wi th  m a s s  s i m u l a t o r .  

IU~, motor  Ins ta l l ed  on l a t e r a l  ax i s  f ix ture  for  X-ax i s  t e s t ing .  Response  
acce l e rc rmc te r s  i n s t a l l e d  on motor ,  and a c c c l c r o m e t e r  checkout  conducted.  

0 . 5 - g  s ine  survc~y conducted in X-ax i s  f r o m  5 to 2 ,000 Hz at 4 oc t / r a in .  

Qual i f i ca t ion  leve l  s ine  sweep  conducted in X-ax is  f r o m  5 to 20000 Hz at 
4 oct/rain.  

( ~ l i f i n a t i o n  l evu l  r a n d o m  v ib ra t i on  t e s t  conducted in  X-ax i s .  S p e c t r u m  
equa l i za t ion  r e q u i r e d  2 min ,  15 s ec  of -10 db opera t ion .  

0 . 5 - g  s ine  s u r v e y  conducted in  X-ax i s  f rom 5 to 2 ,000 Hz at  4 oc t / r a in .  

Motor to faxture bol ts  to rque  checked p r i o r  to ro t a t i ng  m o t . r  on f ix tu re  
for  Y - a x i s  t e s t i ng .  

Hemarke  

0 . 5 - g  s ine  s u r v e y :  f ix tu re  s a t i s f a c t o r y .  

0 . 5 - g  s ine  su rvey :  cont ro l  s a t i s f a c t o r y .  

Control  poor above 1o 000 Hz due to combina t ion  of 
f ix ture  and s i m u l a t o r  r e s o n a n c e s .  

Control  s a t i s f a c t o r y  at  approx.  12.5 g r m s .  

Control  and r e s p o n s e  s i m i l a r  to p r o - q u a l i f i c a t i o n  
l e v e l  t e s t ing .  

Nozzle sa fe ty  a c c o l e r o m e t e r  14X s e t  to  50-g  pk. 

No p r o b l e m s  encountered .  Nozzle  r e s a n a n c e  of 
approx.  80 at  109 Hz.. A c c e l e r o m e t c r  15X0 bad 
above 300 Hz, was  r e p l a c e d  "~ter su rvey .  

Nozzle sa fe ty  s e t  to 1O0-g pk. Reached  90-g pk 
at  I09 Hz. IVlotor to f i x tu r e  ba i t s  to rque  checked 
a f t e r  t e s t .  No p r o b l e m s  encounte red .  

Nozzle safe ty  s e t  to 40 g pk. Shut down s h a k e r  on 
f i r s t  i n c r e a s e  to full  power.  Safety r e s e t  to  100 g 
pk and l - r a i n  r un  at  full  l eve l  (~12 g r m s )  conducted. 
Spec t rum s a t i s f a c t o r y .  One na r row band out-of-  
t o l e r a n c e  peak at  Io 650 Hz. 

No p rob lems  encountered .  Cont ro l  and r e s p o n s e s  
n e a r l y  iden t ica l  to those  of f i r s t  0 . 5 - g  s ine  su rvey .  

Torque  unchanged f r o m  p r e t e s t  l e v e l .  



t , J  ~D 

Date 

5 - 1 1 - 7 6  

5 - 1 2 - 7 6  

5 - 1 2 - 7 6  

5 - 1 3 - 7 6  

5 - 1 3 - 7 6  

5 - 1 4 - 7 6  

5-17-Tb 

5-18-76 

5-19-76 

{)-20-76  

5 - 2 1 - 7 6  

Table 2. Continued 

A c t i v i t y  

0 . 5 - g  s i n e  s u r v e y  c o n d u c t e d  m Y - a x i s  f r o m  5 to  2,000 Hz a t  4 o c t / m m .  

Q u d l d i c a t ~ o n  l e v e l  s i n e  s w e e p  c o n d u c t e d  xn Y- ,axis  f r o m  5 to  2 , 0 0 0  Hz a t  
4 o c t / m m .  

Q u a l l f J c a t i , m  l e v e l  r a n d o m  vzbr ;x tum t e s t  c o n d u c t e d  m Y - a : a s .  S p e c t r u m  
e q u ~ z u t z o n s  r e q u i r e d  I r a m ,  25 s e c  of  - 1 0  d b  o p c r a t x o n .  

0 . 5 - g  s i n e  s u r v e y  c o n d u c t e d  m Y - a x i s  f r o m  b to  2.  000  Hz a t  4 o c t / r a m .  

IUE m o t o r  m s t a l h : d  an s h i p p i n g  c o n t a m g , r  in  p r e p a r a t x o n  f o r  t h r u s t  axzs  
m a s s  s i m u l a t o r  procedur,,/fixture ev;~luatxon.  

Se t  u p  t e s t  e q u i p m e n t  f o r  t h r u s t  axas  t e s t i n g .  

M u s s  s a m o l a t o r  i n s t a l l e d  on t h r u s t  ax~s  v ~ b r a t i o n  f a x t u r c  f o r  Z - a x i s  
t e s t i n g .  0 . 5 - g  s i n e  s u r v c )  c o n d u c t e d  w i t h  m a s s  s i m u l a t o r  f r o m  5 to  
2 . 0 0 0  Hz a t 4  o c t / r a m .  

Qua l t fLcd t aon  l e v e l  sane  s u r v e y  conduct¢ .d  f r o m  T5 to  2 .  000 Hz a t  4 
oct/rain using m a s s  s a m t d ~ t o r .  

Q u a l i f i c a t i o n  l e v e l  s i n c  s u r v e y  f r o m  5 to  75 Hz c o n d u c t e d ,  bu t  p r o t : e d u r a l  
p r o b l e m s  we*re c n c o u n t c r c d  w~th c o n t r o l  e q u i p m e n t .  

Qual~f~c~ttion l e v c l  s m c  s u r v e y  c o n d u c t e d  wxth m a s s  s i m t f l : I t o r  f r o m  5 to  
T5 Hz a t  4 o c t / m m  ;dter p r o c e d u r a l  p r o b l e m  c o r r e c t e d .  

Q u a l i f i c a t i o n  l e v e l  r a n d o m  v i b r a t i o n  t e s t  c o n d u c t e d  u s i n g  m a s s  s i m u l a t o r .  

R e m a r k s  

N o  p r o b l e m s .  

No  p r o b l e m s .  M o t o r  t o  f i x t u r e  b o l t s  t o r q u e  c h e c k e d  
f o l l o w i n g  t e s t .  

S p c c t r u r u  s a t i s f u c t o r y  f o r  one  m i n u t e  r u n  u t  fu l l  
l e v e l  of ~ 1 2 . 5  g r m s .  

No p r o b l e m s .  

No p r o b l e m s .  

C o n t r o l  p o o r  b e c a u s e  o f  s i m . . l a t o r .  

No p r o b l e m s .  

S p e c t r u m  e q u a l i z a t i o n  d i f f i c u t t  f r o m  180 t o  220  H z .  
R e m a i n d e r  o f  s p e c t r u m  e q u a l i z e d  s a t i s f a c t o r i l y .  
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Date 

5-21-76 

5-21-76 

5-24-76 

5 - 2 4 - 7 6  

5 - 2 5 - 7 6  

5 - 2 5 - 7 6  

5 - 2 6 - 7 6  

b-27-76 

5-27-76 

5 - 2 8 - 7 6  

Table 2. Conduded 

Act iv i ty  

0 . 5 - g  s ine  su rvey  conducted wi th  m a s s  s i m u l a t o r  f r o m  5 to 2,000 
Hz at  4 oc t / r a in .  

Examinatzon of m a s s  s i m o l a t o r / f i x t u r e  fol lowing t e s t i ng  r e v e a l e d  loose  
f i x t u r e - t o - s x m u l a t o r  bol ts .  L o o s e n e s s  poss ib ly  caused  by bol ts  be ing 
slzghfly l onge r  than r e q u i r e d  and excecding  l eng th  of hel inof l  i n s e r t s  in 
f i x tu re ,  r e s u l t i n g  in a l o w e r  than  r e q u i r e d  s i m u l a t o r - t o - f i x t u r e  torquing.  

T h r u s t  ax i s  ba re  f ix ture  0 . 5 - g  s ine  s u r v e y  conducted to check for  f i x tu re /  
s h a k e r  dam;q~e. 

IUE motor  res tar ted on t h rus t  ax i s  f ix tu re  for  Z - a x i s  t e s t ing .  

Conducted 0 . 5 - g  s ine  su rvey  in Z - a z , s  f r o m  5 to  2 ,000  Hz at 4 o c t l m m .  

Conducted 1 .0 -g  s ine  s u r v e y  in Z - a x i s  f r o m  5 to 2 ,000 Hz at 4 oc t /min .  

Qua l i f i ca t ion  l e v e l  s ine  s u r v e y  conducted f r o m  5 to 75 Hz at 4 oc t / r am.  

Moto r / f i x tu r e  bol ts  to rque  checked fol lowing t e s t .  

Conducted qua l i f i ca t ion  l e v e l  s ine  s u r v e y  f r o m  75 to  2 ,000 IIz at  4 
oo t /min .  

Qua l i f i ca t ion  l eve l  random v ib ra t ion  t e s t  conducted. 

0: 5 -g  Z - a x i s  s ine  s u r v e y  conducted f rom 5 to 2 ,000 Hz at 4 oc t / r am.  

IUE m o t o r  i n s t a l l ed  in  sh ipping con ta ine r  in  p r e p a r a t i o n  for  t r a n s f e r  to 
x - r a y  inspec t ion  l a bo ra to ry .  

l~emarks  

Control  and r e s p o n s e  somewha t  d i f fe ren t  f rom tha t  
in p r e - q u a l i f i c a t i o n  l e v e l  t es t ing .  

No s e r i o u s  p r o b l e m s  cansed  by bol ts  loosening .  

No p r o b l e m s  encountorod.  

Sweep was  shut  down twice  by nozz le  peak l i m i t  
a c c e l e r a t o r  l l Z ,  f i r s t  s e t  to 10 g, then to 20 g. 
Sweep comple ted  with l i m i t  at  20 g as  I I Z  
reached ~22 -g  peak. 

Nozzle peak l i m i t e r  set to 50 g, reached 44 g. No 
problems encountered. 

No p r o b l e m s .  

Torque  va lues  a t  p r e t e s t  leve~s.  

Nozzle  peak l lmzt  shutdown at  3 -g  input wlth peak 
l i m i t e r  11Z s e t  to  140-g pk. Input l e v e l  r educed  
to 2 g be tween 300 and 400 Hz; t e s t  comple ted  
wi th  no p r o b l e m s .  

Nozzle  peak l i m i t e r  shutdown o c c u r r e d  at  15 s o t  
into fun  l e v e l  r u n  wi th  l i m i t e r  s e t  to  140-g pk. 
Spec t rum l o w e r e d  s l i g h t l y  f r o m  300 to 350 Hz; 
t e s t  comple ted  wi th  no p r o b l e m s .  

No p r o b l e m s .  

No loosen ing  of m o t o r / f i x t u r e  bo l t s  b c c u r r e d  
dur ing  Z - a x i s  t e s t ing .  
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